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GENERAL INTRODUCTION 
1 
GENtRAL INTHOOUCTION 
Soils are the upper loose part of the earth crust in 
v/hich plants yrow. Hov/ever, according to Jaffe (1936), "The 
soil is a natural body differentiated into horizons of 
mineral and organic constituents, usually unconsolidated, of 
variable depth , which differs from the parent material 
belov; in morphology, physical properties and constitution, 
chemical properties and composition, and biological 
characteristics'.' The soil is the factory that manufacture 
plants v^ hich produces a veriety of essential comodities 
required for the maintenance of the human life. The nations 
of the world have always tried to improve the conditions of 
their soil for higher productivity of essentials to meet the 
growing demands of the people. 
COMPOSITION OF SOIL 
The soil consists of five main components namely: 
mineral matter, organic matter, soil water, air and living 
organisms. 
MINERAL MATTERS; 
The mineral matter, a product of physical and 
chemical weathering of rocks consists of particles of 
varying sizes; those in finer state of subdivision <0.002 mm 
% 
constitute the clay fraction. It is the most active and 
reactive portion of the soil (Baver, 1948). While the 
coarse fraction consists of rocks debris and sand. Several 
extensive studies of x-ray diffraction patterns have 
revealed that clays are crystalline in nature and composed 
of few simple building units. The crystal structures of the 
various clay minerals have been discussed and are now well 
defined by various workers (Grim, 1953; Olphen, 1963; 
Marshall, 1964; Mackenzie, 1957). The clays are composed of 
alternately parallel two dimensional layers of silica 
tetrahedron and alumina octahedron sheets. The difference 
in the special arrangement of these unit s in the crystal 
lattice gave rise to different groups of clay minerals. The 
important clay minerals which are commonly found in soils 
are as follows. 
KAOLINITE; 
The structure of Kaolinite (Grunar, 1932; Pauling, 
1930; Ross and Kerr, 1931) is composed of a single 
tetrahedral sheet of silica and a single octahedral sheet of 
alumina that are combined in such a way that the tip of the 
silica tetrahedral and a layer of alumina octahedral sheet 
are embaded to form a common layer (Fig. 1&2). Thus, it has 
1:1 non expanding lattice where two adjacent sheets are 
heldup togather by strong hydrogen bond that even restrict 
the entry of water molecules between the layers. The clay 
has therefore, little swelling, plasticity, cohesion and 
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shrinkage properties. The size of the unit cell is 7. 2A°, 
Kaolinite, nacrite, halloysite and dickite are the isomers 
of this group. The cation exchange capacity of the mineral 
is very low and varies from 3-15 meg 100 gm of clay. 
MONTMORILLONITE; 
The structure of montmorillonite (Hofmann et al. 
1983) is composed of single octahendral sheet of alumina 
enclosed between two silica sheets (Fig. 1&2) with their 
vertices pointing to each other and towards the centre of 
the unit. The oxygen atoms are shared by aluminium and 
silica atoms. The structural units are held by v#eak oxygen -
oxygen linkage which resulted in the crystal lattice to 
expand readily. Due to the expansion, water and other polar 
molecules can easily penetrate between the unit layer 
causing the lattice to expand in the C-direction. The C-
axis dimension is, therefor, not fixed but varies from 9.3 
A° to 14 A° or even more. Hence, it is regarded among 
swelling clays. The cation exchange capacity of the mineral 
is high and varies from 80-120 meq 100 gm clay. 
ILLITE; 
The basic structure of illite is very similar to 
that of montmorillonite having 2:1 type of basic unit 
structural arragement (Grim et al., 1937; Bolt et al., 1963) 
with the difference that some of Si (+4) is replaced by 
4 
Al (+3) and the rsultant charge dificiency is balanced by K 
ions between the silica sheets of two successive units that 
act as a bridge in holding adjacent layers together so that 
they do not expand in presence of water. The size of the 
o 
unit cell is 10 A . Isomorphous substitution is also 
possible within the lattice resulting in a wide variations 
in their composition. Because of its close resemblance with 
mica, it is considered to be a member of mica group. The 
cation exchange capacity of illite varies from 20 to 40 meq 
100 gm clay. 
CHLORITE; 
The structure of chlorite has been thoroughly 
discussed and concluded by Donahue il977). Chlorite are basically 
ferro-magnesium silicate with some alluminium present. The 
typical chlorite clay crystal are composed of 2:1 layers, 
such as in vermiculite. The crystal unit contains two 
silica tetrahedral sheets and two magnesium-dominated 
octahedral sheets giving rise to the term 2:1:1 or 2:2 type 
structure. Chlorites do not swell when wet^d with water 
and have low cation exchange capacity that varies from 10 to 
40 meq 100 gm clay. 
AMORPHOUS CLAYS: 
Amorphous clays are the mixtures of silica and 
alumina, containing weathered oxides of iron etc. that have 
not formed well oriented crystals. These are common in 
soils and exists in varying proportions. Their properties 
are usually uncommon such as positive charge or anion 
exchange property which is governed by the pH and the nature 
of salt solution in soil. 
SOIL ORGANIC MATTER (SOM); 
The soil organic matter (SOM) or humus may be 
defined as the organic residue left behind after microbial 
decomposition of plant and animal remains frequently dark 
coloured and possessing certain characteristic varying in 
physical and chemical properties (Waksman, 1938). Its 
synthesis and degradation is a dynamic process and depends 
largely on soil environment. In general, humus may be divided 
into two main groups as follows: 
a) HUMIC SUBSTANCES; Transformed products bearing little or 
no resemblance to the anatomical structures from which they 
are derived. 
b) NON-HUMIC SUBSTANCES; Unaltered remains of plant and 
animal tissues and also organic compounds that have definite 
characterist ics. 
The humic substances can further be subdivided into 
following subgroups according to their solubility in alkali 
and acids. 
i) HUMIC ACID ; Soluble in alkali and insoluble in acids, 
ii) FULVIC ACID: Soluble in both alkali and acids 
iii) HUMIN; Insoluble in both alkali and acids. 
Accumulation patterns of humic and fulvic acid fractions 
have been studied by various workers (Goh et al. 1976; 
Schniter and Khan, 1972; Syers et al. 1970; Kilham and 
Alexander, 1984) to show that the humic acid concentrated 
principally in the surface or immediately below the surface 
horizon while fulvic acid fraction extends to much lower 
depth and is hardly precipitated from an alkaline extract by 
acid because of its more functional groups (Stevenson and 
Goh, 1971). 
SOIL WATER; 
Soil water is an important constituent of soil 
which helps to control soil air, soil temperature, 
evapotranspiration requirement and supply of nutrients to 
growing plants (Brady, 1974). The soil water content varies 
with the soil texture and ranges from 5.1 to 11.9% (Donahue 
1977). 
A relationship between the nature and amount of 
clays in soil and water retention capacity was observed by 
Ali and Biswas (1968). He concluded that the water 
retention and release were highest in bentonite followed by 
illite and Kaolinite respectively. The amount of available 
water in soil was also found to be related with silt (Abrol 
1 
and Bhumbla, 1968) and organic matter content (Ali, 1965). 
However, the movement of water in soil is influenced by the 
location, its extent and physical characteristics of the 
different horizones (Clatheir, et al. 1979). 
SOIL AIR; 
The soil air mainly consists of oxygen, carbon 
dioxide, nitrogen, nitrous oxide etc. It has been observed 
that the composition of soil air varied with the climatic 
conditions, (Russells and Appleyard, 1915) as well as with 
the nature of the soil (Jong, 1981). Nitrogen and nitrous 
oxide gases have been measured by some workers using IR and 
gas chromatographic techniques in soil (Dowdell and smith, 
1974; Arnold, 1954) that may be reason for nitrogen losses 
under anaerobic condition via denitrification processes. 
The other physiologically active gases such as methane, 
ethylene, hydrogen sulphide, valatile fatty acids, alcohals, 
ketones and aldehydes have also been reported to be formed in 
water logged soils by microorganisms (Smith, 1977). 
LIVING ORGANISM IN SOIL; 
Living organisms are an important and useful 
component of soil. They play a major role in supporting 
nutrient supply to plants. Small living organisms are 
biologically classified as microflora (plant) and microfauna 
(animal). They are considered to be present in soils from 
top to few inches. Their population may vary from few to a 
8 
few million per gram of the soil (Donahue, et al, 1977). 
Soil microflora and fauna primarily comprises of 
mainly Bacteria, Fungi, Actinomycetjes Algae, Protozoa, 
Nematodes and virusesetc. 
The mircobial activities in soil are largely 
responsible for the maintenance of soil fertility. 
(Russell, 1973). A number of biochemical transformation 
viz. ammonification, nitrification, denitrification, 
symbiotic and non-symbiotic nitrogen fixation and 
mineralizations of sulphur, phosphorus, and other trace 
metal from their unavailable to available forms have been 
reported to occur as a result of microbial activities in 
soil (Gowda et al, 1976; Parr, 1974; Bollag and Henninger, 
1976; Gaur and Misra, 1977; Vlassak, 1975). Azotobacter is 
reported to be present in fertile soil with the availability 
of the energy metarial (mainly carbohydrate ) being their 
determining factor. Since these organisms are sensitive to 
soil pH, they are deficient in acidic soil with pH lower 
than 5.5. It was found that the total microbial population 
decreased with soil depth, deficiency in the nutritional 
levels, organic matter and moisture etc. Nitrogen fixation 
by root nodule bacteria is influenced by the nitrogen status 
of the soil, supply of nutrient elements like phosphorC\is and 
molybdenum etc. 
PLANT NUTRIENTS 
Plants utilize a large number of elements from the 
soil and the environment during their growth and 
development. But all the available elements are not 
essential for plant growth. Sixteen elements are found to 
be essential in plant nutrition. Their excess and 
deficiency may cause several diseases as they play a vital 
specific role in the life process of plant growth (Arnon, 
1950). These elements are carbon, hydrogen, oxygen, 
nitrogen, phosphorous' potassium, calcium, magnesium, 
sulphur, iron, maganese, copper, zinc, boron, molybdenum and 
chlorine. Plants take up carbon as CO2 (mostly through 
+ 2- - Z" 
leaves); hydrogen as H , and H^O; oxygen as 0 ; OH , CO^ 
sdy and CO-; nitrogen as NHt and NO^; phosphorus as H2P0~ 
a-. . + . 2+' 
and HPO.; potassium as K ; calcium as Ca ; magnesium as 
Mg ; sulphur as SCT.; iron as Fe ,Fe ; boron as H-POZ and 
"" 2+ 2+ 2+ 
B(OH). ; magnese as Mn ; copper as Cu ; Zinc as Zn ; 
2— -
;aolybd.enuni as MoO. and chlorine as CI ions. Out of these 
only seven (Fe, B, Mn, Cu, Zn, Mo and CI) are required in 
smaller amount and thus they are called micronutrients or 
trace elements. The elements such as C,H,0,N,P,K, Ca Mg and 
S are needed in large quantities and hence known as macro 
nutrients. The role of some important macro and micro 
nutrients in plant growth are discussed below: 
NITROGEN: 
Nitrogen is an essential constituent of 
u 
metabolically active compounds such as amino acids, 
proteins, enzymes and some non-proteinous compounds. It's 
deficiency in citrus plants appear in havig smaller size 
leaves with dull green yellowish colour (Chapman 1968). 
PHOSPHORUS; 
Phosphorus is a structural component of cell 
membranes, chloroplasts, and raitochondria and a constituent 
of sugar phosphates, viz. ADP, ATP, nucleic acid, etc., 
phospholipids and phosphatides. The coenzymes NAD and NADP 
are involved in oxidation-reduction reaction and play some 
vital rols in life process of plants such as photosyntheas ^  
glycolysis ^  respiration and fatty acid synthesis are 
dependent on these coenzymes (Devlin, 1972). All 
biochemical processes including molecular synthesis and 
their uptake and transport of some ions which need energy 
depend on the supply of ATP (Mengel and Kirkby, 1978). 
POTASSIUM; 
It plays an important role in the maintinance of 
cellular organizations by regulating permeability of cell 
membranes and keeping the protoplasm in a proper degree of 
hydration. It activates the enzymes in protein and 
carbohydrate metabolism (Evans and Sorger, 1966). It also 
imparts resistance to plants against fungal and bacterial 
diseases. 
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CALCIUM; 
It is a constituent of the cell wall, an activator of 
different plant enzymes and is essntial for the stability of 
cell membrans. Its dficiency may cause chromosome 
abnormalities (Hewitt, 1963). As ca-pectate, it is a 
constitunt of the middle lamella of cell walls (Evans and 
Sorger 1966). 
MAGNESIUM; 
It is constituent of chlorophyll and chromosome. It 
is also involved in enzymes which catalyze the synthesis of 
nucleic acids from nucleotid polyphosphates and it 
participates as an intermediate carrier, forming a bridge 
between the pyrophosphate structure of ATP or ADP and the 
enzyme molecule (Nason and McElroy, 1963; Mengel and Kirkby, 
1978). 
SULPHUR; 
It is required for the synthesis of sulphur 
containing aminoacids and proteins, activity of proteolytic 
enzymes, and helps in the increase in oil contents in oil 
bearing plants. 
BORON; 
Boron influences cell development by its influence 
on polysaccharide formation. It regulates translocation of 
12 
sugars across membranes and polyphenolase activity. 
IRON; 
It is a constituent of cytochromes, haern and non-haem 
enzymes. Perhaps the best known role of iron is its 
catalytic enzymes activity. 
MANGANESE; 
It plays an essential role in respiration and 
nitrogen metabolism in plant (Stiles, 1961). It acts as an 
activator for the enzymes, nitrite and hydroxylamine 
reductase. It also participate as an enzyme activator in 
reactions of Krebs cycle (Epstein, 1972). 
ZINC; 
It involves in many enzyme in plant metabolism. 
Among these, carbonic anhydrase catalyzed the break down of 
carbonic acid in to carbon dioxide and water. Several 
dehydrogenase enzymes such as alcohol dehydrogenase, 
glutamic dehydrogenase and malic dehydrogenase are sensitive 
to their deficiency (Price et al 1972). According to Devlin 
(1972), the accumulation in Zn deficient plants of soluble 
nitrogen compounds such as aminoacids and amides indicate 
the role of this element in protein synthesis. 
COPPER; 
It plays an important role in oxidation reduction 
13 
reaction of enzyme (Arnon, 1940) and together with cobalt it's 
defficiency may cause several forms of diseases to cattle fed on 
crops grown on such soil. 
MOLYBDENUM; It is constituent of nitrate reductase nitrogenase 
enzyme and is associated with nitrogen utilization and in 
nitrogen fixation. 
CHLORINE; It stimulates the activity of some enzymes and 
influences carbohydrate metabolism. 
The deficiency symptoms of macro and micro elements are 
given below and shown in fig. 3. 
NITROGEN (N); Dwarfing and abnormally light green plant. Leaf 
erect, light green to yellow, firing in acute condition. 
PHOSPHARUS (P); Dwarfing and abnormally dark green plant. Leaf 
erect and unusually narrow. In acute condition greenish brown 
to black. Bronzing on back side. 
POTASSIUM (K); Chlorotic leaves, small dead spots of specks at 
the tips and margins, rusty appearance crimping and cupping of 
margins and tips. 
CALCIUM (Ca); Plant remains dark green, young bud leaves 
chlorotic, hooks and die back at tips and margin, finally death 
of the terminal bud. 
MAGNESSIUM (Mg); Chlorosis starting from tips and margins, with 
no dead spots, veins green, cupping under tips and margins or 
base Necrosis in acute condition leaf detaches easily. 
SULPHUR (S); Light green leaf, veins still paler, no dead spots 
IRON (Fe); Chlorosis, no spots, main veins typically green. 
Fig. 3 visual symptoms on leaves due to plant Nutrient 
Deficiencies 
MANGANESE (Mn); Leaf chlorotic, main and smaller veins dark 
green forming a chequered appearance. 
COPPER (Cu); Interveineal chlorosis, Rosetting and permanant 
wilting leaf detaches easily. 
ZINC (Zn); Leaf narrow and small, lamina chlorotic, veins 
green, dead spot develop all over the leaf including veins, 
tips and margins. 
MOLYBDNUM (Mo); Leaf light green, golden yellow to orange, 
dead spots all over the area except veins, affected areas 
extrude resionous gum through lower surfacs. 
BORON (B); Young leavs of the terminal buds lose colour at 
the base, breaking down starting from the base. Death of 
terminal bud. 
PESTICIDES 
Pesticids are the various organic and inorganic chmicals 
used to control unwantd and dangrous species of plants and 
animals. These are the economic poisons employed to regulate 
the impact upon our life and economy. According to Ware 
(1978) pesticids are "Any substance used for controlling, 
preventing, destroying, repelling or mitigating pests is 
known as pesticids". 
They are broadly classified into various classes 
according to the target specis against which they are 
intended to act. Pesticides are classified as. 
15 
INSECTICIDES: 
Insecticides are those chemicals which are used to 
kill or control various insects. They can be applied 
directly to soil or sprays or dusts to foliage plants. 
These are B.H.C.^ Endosulfan, Dichlorovos, Monocrotophos, 
D.D.T., parathion^malathion etc. 
HERBICIDES; 
Herbicides are those chemicals which are used to 
destroy or supress the growth of unwanted herbiceous and 
weed plants without injuring others. Some commonly used 
herbicides are^ dicryl, 2, 4-D, Isoproturon, diquat, 
prometone, simazine, etc. 
FUNGICIDES; 
Fungicides are those chemicals which are used to 
control various fungi and fungus borne diseases like mildew, 
blights, smuts, rusts, scab, spot, rot etc. Some commonly 
used fungicides are, Thiram, Ziram, Zineb, Nickle Chloride, 
Mencozeb etc. 
RODENTICIDES; 
Rodenticides are those chemicals which are used to 
control and kill the mice, rats, squirrels, ground hogs 
and field rodents etc. Which are responsible for extensive 
crop damage and to spread diseases. The chemicals used for 
15 
this purpose are, calcium cyanide^ Zinc phosphide, barium 
carbonates, and warfrain etc. 
NEMATOCIDES! 
These are useful for controlling nematodes, 
underground parasitic nematodes that attack the roots or 
root hairs of plant and results in general weakening of the 
plant leading to poor growth and yield . Some of the 
chemicals used for this purpose are tetraethyl pyrophosphate 
(TEPP) nemagon, telone and oxamyl etc. 
ACRICIDES; 
These are used for controlling mites which are 
harmful to fruit trees and crops. The commonly used 
chemicals for this purpose are aryl alkyl suphide, 
chlorofension and dicofol etc. 
With increasing use of pesticides in Agriculture, 
doubts were raised concerning the effects of these chemicals 
upon the environment during 195^ and early 1960s Rachael 
Carson (1963) recognised the dangers of pesticide in 
polluting environment produced evidence of toxic effects 
upon wild life and potential hazard to man in her famous 
book, "Silent spring". Since then, a number of workers 
have carried out experiments on various aspects of 
environmental pollution caused by pesticides (Heuper and 
Conway, 1964; Mellanby, 1972). In India, in spite of low 
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level of use, the persistence of some pesticide residues in 
various food stuffs have been reported (Bindra and Kalra, 
1973; Khandekar et al. 1982). 
Some pesticides are described as stable and 
persistent which means that they remain in soil for varying 
period of time such pollutive chemicals may enter the food 
plants through leaves (foliage spray) and/or may be absorbed 
from soil through plant roots. Animals absorb these 
chemicals from their food and accumulate them in specific 
body organs until it reaches a lethal threshold doses for 
species. In general, the harmful effects of pesticides can 
directly be related to their persistence and accumulation in 
the environment, as well as v>?ithin the body tissues of 
animals and humans. 
MICROBIAL ACTIVITIES IN 56lL 
Microbes are small living organisms which can not be 
seen by nacked eye However. They can be examined by using 
microscope. They are found in the environment such as soil 
water and air,. Soil micro-organisms play an important role 
in the transformation of nutrients by their active role of 
nitrogen fixation, oxidation-reduction, solubilization etc 
process and converting them from unavailable to available 
forms usable by plants. 
It is universally known fact that these micro-
organisms play a key role in balancing the soil fertility 
status. 
The major groups of the soil microbiological 
population or its flora (plants) or founa (animal) are as 
follows: 
BACTERIA; 
Bacteria are primitive, very minute unicellular 
organisms devoid of chlorophyll. They are simple in 
structure and consist of a mass of protoplasm surrounded by 
semipermeable cell membrane. They include spore forming and 
non spore forming rods, cocci, vibrio and spirilla. They 
vary considerably in shape, size, oxygen requirements 
(aerobic and anaerobic), energy utilization (autotrophic and 
heterotrophic) and in relation to plants and animals 
(saprophytic and parasitic). Some autotrophic bacteria 
(Nitrosomonos and Nitrobacter) can oxidize ammonia to 
nitrites and then to nitrates. Some other bacteria can also 
oxidize sulphur, iron, manganese and carbon monoxide. 
FUNGI; 
These are classified according to their nutritive 
process that are parasite, saprophyte or symbiotic. They 
produce, extensive mycelium and spores in soils and in 
compost . Parasitic fungi decomposes resistant cellulose, 
lignin and gums resulting holes in soil and cause plant 
diseases. Saprophytic fungi obtain their energy from the 
decomposition of organic matter while symbiotic fungi live 
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On the roots of certain plants in a dependent relationship 
in \/hich both fungus and plant are mutually benefitted. 
ACTIONOMYCETES; 
Actinomycetes are characterized by branched mycelia-
Three of the genera of actinomycetes are well represented in 
the soil. Species of Nocradia are closely relatd to some of 
the bacteria especially the mycobacteria and corynebacteria. 
Species belonging to streptomyces and micromonospora genera 
are more closely relatedto fungi. Actinomycetes vary greatly 
in their biochemical properties in relation to higher plants 
and animals and their effect on soil bacteria. 
ALGAE; 
These are green coloured organisms and are 
autotrophic. Their main classes are grass green 
chlorophyceae, blue green cyanophycae and the distomyceae. 
Certain blue green algae have demonstrated the ability to fix 
nitrogen from atmospha^ (Cameron and Fuller (1960) and Myland 
et al, (1966) v/orked on the species of scytonema and anabana 
algae ggmra and found their ability to produce chlorophyll, 
make their life in the soil especially on its surface 
independent of the presence of organic mattr. 
NEMATODES; 
These are microscopic, unsegnented, thread like worms 
and may ^<^- classified according to their feeding habits. 
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Omnivorous, predaceous, parasitic nematodes are very common 
in soils. 
PROTOZOA! 
These are primitive, unicellular microscopic animals 
that feed mainly on bacteria. The main protozoan groups are 
amoebae, flagellates and ciliates. 
Soil organisms are the chief cause of decay of 
organic matter thereby elements are converted to their 
simple forms which can be used by higher plants, for example 
protins are broken down into amino acids, ammonium salts^ 
nitrites and to nitrates by the action of various types of 
microorganisms. The various kinds of chemical reaction in 
soil like oxidation reduction (Charles and Paul, 1958), 
solubilization and fixation of plant nutrients in soils 
(Singhal et al. 1975), denitrification and nitrification of 
soil nitrogen (NOggle, G. Ray and George, J. Fritz. 1977) 
are all mostly controlled as a result of chemical and 
microbial activities in soil (Singhal, et al. 1976). A wide 
variety of soil organism including both bacteria and fungi 
are involved in producing 3-indole acetic acid and other 
plant growth promoting substances. 
The microbial activities are largely responsible for 
the maintenance of soil fertility (Martin, 1973) as well as 
in governing soil properties (Katznelson and Bose, 1959). 
Microbials mineralize (Reich and Bartha, 1977); oxidize 
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(Pepper and Miller, 1978) and reduce elements in soils and 
indirectly influence their solubilities. Pesticides are 
considered to alter the number of activities of 
micro-organism in soils (Wainwright, 1978). Atmospheric 
pallution is also considered as a factor to effect the 
microbial activities (Wainwright, 1980). 
SOIL POLLUTION 
Today, the ecological changes have a direct impact 
on living organisms. The environment has deteriorated owing 
to industrial stress, urbanization, population density and 
numerous other polluting agencies which makes the earth as a 
paradise for infections agents. Such chronically 
accumulated environment contaminates our air, water, food 
and soil. 
With the green revolution spreading in rural areas, 
the demand for various organic chemicals used as pesticides, 
plant growth regulators and chemical fertilizers are on 
increase. In addition to these, several organic compounds 
such as organic acids, aldehides, ketones, alcohols, amino 
acids and phenolic compounds etc. are produced as a result 
of organic matter decomposition through chemical and/or 
biochemical processes (Allison, 1973) in soil medium. Some 
of these organic compounds including pest icides are 
characterized as organic pollutants (Khan, et al. 1985) and 
affect the plant growth (Singhal and Singh, 1974). They 
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also found to affect the translocation of trace metals and 
their availability to plants and soil microbial populations 
(Khan, et al- 1987; Singhal and Singh 1977). Higher doses 
of these may become fatal to humans and adversely affect the 
life process of various soil microorganisms such as 
Bacteria, Fungi, Algae, Actinomycities and Nematodes etc-
that are responsible for the maintenance of soil fertility 
(Subba Rao, 1977) by their activity. Through the process of 
oxidation, reduction, solubilizations, mineralization, 
fixation etc. of plant nutrients and convert them into their 
useable forms needed by plants. For instance, the plant 
utilizes the nitrogen in the form of NO"^  - N, NO - N and 
NH. -N. The atmospheric nitrogen get fixed into the roots 
of legume plants (Bagyaraj, D.I, 1975), such as Gram, Pea, 
Berseem, Moong, Sunhemp, Black gram and Dhaincha etc. by 
symbiotic nitrifying bacteria namely Rhizobium Spp., while 
non-symbiotic Azotobacter Spp. fix the atmospheric nitrogen 
directly into the soil (Alexander, M. 1977). Plant utilize 
phosphorous in the form of H- PO*^  and HPOV". These forms 
are made available to plant by certain bacteria, such as 
Pseudomonas Spp. and Bacillus Spp. and fungi, such as 
Aspergillus spp., Penicillium spp. (Singh et al., 1983). 
Plant utilize sulphur as SO*' ion which is transformed by 
oxidizing bacteria, such as Thiobacillus, Beggiatoa and 
Thioploca etc. fungi; Aspergillus, Penicillium and also by 
actinomyceties; Microsporium etc. Thus, microbiology 
attract the soil scientist becouse they could differentiate 
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the beneficial microorganisms from the plant pathogens and 
may care and utilize them for better crop production. 
The numerous soil organic compounds are found to 
interact with soil colloids and affect the translocation of 
metal ions in soils and thus they influence their 
availability to plants. Recently (Khan et al. 1982) have 
reported that the heavy metals translocate into the soil as 
metal - S.O.M. complexes and emphasized the role of certain 
organic compounds e.g. carboxalic acids, amino acids, and 
organic bases in the mobilization of certain trace metals 
through soils by using soil thin layer chromatography. The 
effectiveness of organic compounds and pesticides are found 
to be affected by several factors such soil texture, organic 
matter content, nature of exchangeable cations over soil 
colloids and 3oil pH, nature of compound and their adsorption 
characteristicc etc. (Singhal, et al. 1978). However, the 
specific role and mechanisms played by the different 
pesticides such as Endosulfan, Dichlorovose, Monocrotophose, 
Malathion, Bavistin, 2,4-D etc. and related compounds on 
life processes of different microorganisms and on the growth 
of various crops under Indian environmental conditions are 
yet to be examined. This study will reflect the role of 
these organic chemicals on the growth and development of 
various crops and microorganisms, their nutrients 
requirements and other favourable conditions such as 
temperature, humidity, soil pH etc- responsible for their 
healthy growth and development for avoinding the risks of 
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pollutional aspects posed by these organic materials with 
the enhanced bioactivity in soil. 
SOIL THIN-LAYER CHROMATOGRAPHY 
Chromatographic methods are considered as powerful 
tools in Analytical Chemistry and have been employed in the 
separation of organic and inorganic compounds and their 
mixtures elements of different valency states and in the 
identification of individual components in the complex 
mixture systems, where other methods fail or can not give 
satisfactory results. The methods are quite inexpensive, 
sensitive, selective and rapid. Their utilization in analy-
tical field have been realized in recent years (Pribyl and 
Herzel, 1977; Ludwick et al. 1977). These methods of 
chemical separation could be performed with modest 
equipment, namely gas, paper, thin layer chromatograms may 
be formed by partition, adsorption, ion-exchange or their 
combinations. Different types of chromatographic techniques 
are based on the same principle that the components of 
mixture could be separated from one another by passing it 
through a two phase systems, one mobile which may be liquid 
or gas and which is in equilibrium with a stationary phase 
i.e. paper, silica gel, soil, clays, alumina or ion exchange 
resin etc. Silica gel is one of the most widely used 
material as static phase. Besides this, alumina, Maynesium 
silicate and activated carbon are also used. The soil 
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thinlayer chromatography was first successfully utilized by 
Helling and Turner (1968) for detection of pesticides 
movement using different type of soils as static phase. The 
work was further extended and published (Helling, 1971) in 
his three reports dealing with pesticide mobility in soils 
(I) Parametrs of thin layer chromatography (II) Applications 
of soil thin layer chromatography and (III) Influence of 
soil properties. 
Since the movement of substances or their 
separations can be affected by altering the conditions of 
the static phase (Soil of diverse nature) and developer and 
applied substances. This provides a very facinating field 
of research and can be utilized for investigating problems 
in various applied and non-applied fields. 
Thin layers are prepared by spreading an uniform 
film (0.15-2.0 mm) of soil slurry over a glass plate with 
the help of an applicator and allowing it to stand over 
night for drying. The organic or inorganic compound, under 
investigation with soils, is spotted above 2 cm from the 
bottom of the plate so that the mobile phase level in the 
closed Jar may always remains about 1cm. below the spots. 
The thin layer chromatograms are then developed to a 
distance of 10cm from the spoted compound. The plates are 
then dried and the compounds or ions are then detected by 
spraying a suitable chemical as colouring agent or detector 
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The height of chromatogram is dependent upon the 
adsorption affinity of the corresponding component and the 
width is proportional to the quantity of the loaded 
substance. The movement in terms of Rf values can be 
calculated as 
distance travelled by solute 
Rf = 
distance travelled by solvent. 
Soil thin layer chromatographic method have been 
successfully utilized by Singhal and Singh (1977) for the 
mobility of trace elements, Singhal et al. (1978) for the 
mobility of ammino acids. Khan et al (1982) for the mobility 
of heavy metals. Khan, et al. (1985) for the effect of 
organic acids and bases on the heavy metals mobility and 
Khan and Khan (1986) for the mobility of organophosphorous 
insectficides in soils as affected by some soil parameters. 
The results ,as revealed by the above investigations 
clearly,helped in understanding the behaviour of the organic 
anil inorganic substances in soil solution of varied nature. 
This has also helped in understanding the reaction 
mechanisms involved in their interaction and translocation 
through soils. 
THE PROBLEM 
The problem of the thesis which deals with the 
"Interaction of some organic pollutants with soils and 
crops" has been studied on the following lines. 
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i) General introduction covering a survey of present and 
past literature on soils; mineral matters; soil 
organic matter; soil water; soil air; soil organism; 
pesticides; Microbial activities in soil; plant 
nutrients; soil pollution and soil thin layer 
chromatography for the build up of a sound background 
to undertake some useful investigations in the field 
of soil chemistry. 
ii) Part I of the thesis deals with the "Mobility of trace 
metals as affected by chemical fertilizers in soils 
amended with some phenolic compounds". 
iii) Part II of the thesis deals with the "Effect of some 
phenolic compounds and pesticides on the growth and 
nutrient concentration of Gram (Cicer arietinum), 
Lentil (Lens esculenta) and Linseed (Linum 
usitatissimum) plants". 
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MOBILITY OF TRACE METALS AS AFFECTED BY CHEMICAL FERTILIZERS 
IN SOILS AMENDED WITH SOME PHENOLIC COMPOUNDS 
INTRODUCTION 
Phenolic compounds are knov^ n to exist in soils 
derived from either living or dead tissue of a variety of 
plant species (Jameson, 1970; Harrison, 1971). There is 
also evidence for the production of phenolic acids during 
the decomposition of crop residues in soil (Morita, 1975; 
Raina and Goswami, 1988) and as a result of microbial 
synthesis from soil organic matter (Martin at al. 1972). 
However, the quantity and the quality of the phenolics 
produced depend upon the nature of soil organic matter, 
physico-chemical properties and the type of microbes present 
in soil. In view of the phytotoxic effects of phenolic 
compounds on seed germination (Kaminsky Ray, 1980) and the 
influence of heavy metals on the plant growth (Khan and 
Khan, 1983) as well as their inhibitory effect on 
bioactivity (Larry, M.Z. and George, H.W. 1981) of soils, it 
was considered worth while to study the role of some of 
these compounds on the mobility of trace metals which has 
become a subject of considerable importance and debate (Khan 
et al. 1982; Khan et al. 1991). This paper is also an 
attempt to assess their availability for tackling the 
pollutional problems for plant growth and their role in 
bioactivity processes in soils in presence and absence of 
chemical fertilizers. 
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EXPERIMENTAL 
A surface soil sample {0-30cm) of Aerie Halaquept 
(Hirapur fine sandy loam) was collected from the 
representative area of Aligarh district ( U.P.) and used in 
these investigation. The soil was crushed, air dried, 
passed through a 100 mesh (B.S.S.) sieve to get an uniform 
particle size. The physico-chemical properties were made on 
the following lines: 
DETERMINATION OF MBCHANieAL COMPOSITION; 
The mechanical composition of the soil sample was 
determined by International pipette method (Piper, 1950) in 
which lOgra of the soil sample, previously passed through a 7 
mesh (B.S.S.) sieve were dispersed in water after treatment 
with 30% H2O2 and 0.2NHC1 using 50ml sodium oxalate 
(8gm/litre) as dispersing agent. The percentage of coarse, 
medium and fine sand were calculated from the weight of the 
residues left behind on 25, 72 and 200 mesh (B.S.S.) sieves. 
The suspension was diluted to 500 ml and transferred to a 
graduated boiling tube which was immersed in a constant 
o 
temperature water bath at 25 i 1 C throughout the course of 
pipetting. 10 C.C. samples were pipetted out carefully in a 
petridish at specified intervals (4mins. 15 sec. 7 hrs 5rains)time 
o 
from a depth of 10 cm, dried in an oven maintain at 105 C and 
weighed. The percentages of medium silt, coarse silt and 
clay were then calculated from the weight of residues. The 
percentage of coarse silt was calculated by substracting the 
3S 
sum of the percentages of all the fractions as given above 
from hundred. The results are recorded in table. I. 
DETERMINATION OF pH; 
The pH of the soil \-fas recorded with Elico pH meter 
model Li-10 with glass and saturated calomel electrodes 
assembly. A 1:2.5 soil: Water ratio was used for measuring 
the pH of the soil. The pH is recorded in table. I. 
DETERMIATION OF ORGANIC MATTER; 
The organic matter of the soil v\?as made by using 
method of Walkley and Black, (1947). 
Reagents required; 
i) Potassium dichromate: Aqueous solution of 1 N. 
ii) Cone, sulphuric acid, 
iii) Orthophosphoric acid 85%. 
iv) Diphenylamine indicator: Ethanolic solution of 1% 
v) Ferrous ammonium sulphate: Aqueous solution of N/2. 
Procedure; 
A 2 gm of soil was taken in 500 ml conical flask, 10 
ml of 1 N Potassium dichromate solution and 20 ml of 
concentrated sulphuric acid were added to it. The flask was 
shaken vigorously several times and allowed to stand for 30 
minutes and thereafter 200 ml of distilled water, 10 ml of 
phosphoric acid and 1 ml of diphenylamine indicator were 
added to the flask. The excess of unreacted potassium 
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dichromate was titrated against standard N/2 ferrous 
ammonium sulphate solution till the violet colour change to 
a purple and finally to green. Reagents blank determination 
v/as also carried out in the same way. From the volume of 
dichromate solution used for oxidation process, the organic 
carbon was calculated by using the expression: 
(Blank titre-Actual titre)x0.003xN/2 X 100 
Organic carbon = 
( ?. ) Weight of dry soil in gm. 
Where N/2 is the concentration of ferrous ammonium sulphate. 
The value of organic carbon was converted to organic matter 
by multiplying with the factor 1.724. The^organic matter 
is recorded in table.I 
DETERMINATION OF CATION EXCHANGE CAPACITY; 
Cation exchange capacity was determined by the 
method of Jackson, (1958). 
Reagents required; 
i) Hydrochloric acid 0.05N 
ii) Sodium acetate (pH5),lN 
iii) EDTA Solution 
iv) Eriochrome Black "T" : Ethanolic solution 1% 
v) Buffer solution (pH. 10)) 
vi) Sodium cyanide solution: Aqueous solution of 2% 
Procedure; 
A 5 gm. soil sample was taken in a 100 ml conical 
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flask and the soluble salts were washed out by treating the 
soil with 0.05N HCl and finally with distilled water. It 
was further treated with 1 N sodium acetate of pH5 for 30 
minutes with intermittent stirring. This treated sample 
was given five washings with 1 N standard calcium chloride 
solution. The excess salt was removed by washing with 80% 
aqueous acetone solution until the excess Cacl2 is removed, 
as indicated by a negative AgNO, test for chloride ion in 
the final washing. The calcium ions were exchanged from Ca 
saturated soils by means of exchanging it with a neutral 1 N 
sodium acetate solution. The washings were collected and 
2 + 
utilized in the determination of exchanged Ca by titrating 
it with a standard EDTA solution, using 10 ml of the NH.Cl-
NH.OH buffer of pH-10 and eriochrome black "T" indicator 
with 1 ml of 2% NaCN solution as masking agent for 
interfering ions. 
A reagent blank was also run simultaneously to avoid 
any error due to impurities. The blank readings were 
subtracted from the readings of calcium determination. From 
the volume of the EDTA used, the values of cation exchange 
capacity was calculated using the expression: 
n .- ^ V, n •. V X N X 100 meqlGO.,.nlsoil Cation Exchange Capacity = -
Weight of the soil in gm. 
Where, V in the volume of EDTA, N is the normality 
of EDTA solution used;. The cation exchange capacity of 
soil is recorded in table I . 
39 
DETERMINATION OF EXCHANGEABLE CATIONS: 
A 50gm. air dried soil sample was taken into a 250ml 
conical flask and a 100ml of 1 N NH^OAC was added to it. 
The content of the flask was shaken for 20 minutes and 
allowed to stand over night. The soil contents were then 
transferred into a buckner funnel, in which a moist Whatman 
filter paper (No. 42) had been seated by a gentle suction. 
The soil was leached with an additional 400ml of NH^OAC. 
The filtrate containing NH^OAC extract of the soil was 
evaporated to dryness on a steam plate. The dark colour 
residue containg organic matter was treated with 2ml of 30% 
H-Ou and 2ml of 6N HNO and heated to dryness on a steam 
plate. The dried organic matter free residue was then 
dissolved in 10ml of 6N HCl and diluted with distilled 
water. It was filtered through Whatman filter paper (No.42) 
and the volume was made upto iOOml. This solution was used 
in the determination of exchangeable Ca, Mg, Na and K in 
soils. Exchangeable calcium plus magnesium was estimated 
in the 10ml of above solution by EDTA titration by using a 
half test tube buffer solution (pH-10) and 4-5 drops of 
eriochrome black "T" indicator. Calcium was also estimated 
separatly by using murexide indicator with 10% KOH as 
recommended by Jackson (1958). The volume of EDTA for 
magnesium was calculated by subtracting the volume for 
calcium from the volume of calcium plus magnesium used. 
The exchangeable sodium and potassium were estimated 
in the above solution by using ' Systronicks' flame 
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photometer. Standard curves sodium and potassium (Fig.l) 
were used for calculating the amounts of Na and K in the 
2+ 2 + 
above soil solution. The amount of exchangeable Ca , Mg , 
Na and K are recorded in table-I. 
DETERMINATION OF MOBILITY (Rf value) OF TRACE METALS BY SOIL 
THIN LAYER CHROMATOGRAPHY; 
Mobilities of trace metals in terms of Rf values in 
soil were made as discussed below. 
Apparatus and reagents required; 
A TLC applicator with adjustable thickness, uniform 
glass plates (20x4cm), glass Jars, glass sprayer, 100 mesh 
sieve (B.S.S.). 
i) Trace metal solutions:- For preparing 100ml of 0.1 M 
solution, requisite amount of metal nitrate in case of 
Chromium, Copper, Nickel and Silver, where as sulphate for 
Iron, were dissolved in distilled water. 
ii) Potassium ferrocyanide:- Aqueous solution of 0.5%. 
iii) Dimethylglyoxim:- Alcoholic (ethyl alcohol) solution 
of 0.5%. 
iv) Haematoxylene: Alcoholic (ethyl alcohol) solution of 
0.5% 
v) Potassium chromate: Aqueous solution of 0.1 M. 
4 
vi) Chemical fertilizers: Aqueous solution of (NH^)2S0^, 
KCl, CO(NH2)2 arid (NH^)^ PO^ was 
made by taking 30mg 1 (ppm) in 
each case. 
All the chemicals were (BDH) A.R. Grade. 
PREPARATION OF PLATES; 
For using thin layer chromatography, a large number 
of clean glass plates (20x4cm) were taken. The soil was 
ground and passed through a 100 mesh sieve to get a uniform 
particle size. The soil was slurried in distilled water 
containing varying amounts (0,5,10,15, and 20 mg. lOOgm 
Soil) of the phenolic compounds viz. m-cresol, phenol, 
resorcinol and pyrogallol. The amended soil was thoroughly 
mixed so as to get a homogenous mixture in each case. The 
amended soil slurry was then applied on glass plates 
(20x4cm) with the help of an applicator to make a uniform 
layer of 0.5mm. thickness. The plates were air dried at 
o 
room temperature 30 +. 3 c. Two lines were scribed at 4 and 
14 cm from the base on all the plates so as to allow a 
running distance of 10cm. for the study. 
APPLICATION OF SAMPLE AND DEVELOPMENT OF PLATES; 
A 0.006ml aqueous solution of respective (0.1 M) 
trace metals was applied on the base line of TLC plate in a 
single application with the help of a micropipette. The 
43 
plates were then developed with an aqueous solution without 
and with 30ppm of the chemical fertilizers i.e. (NH^)2S0^, 
KCl, CO{NH2)2 and {NH.)^?©. , Upto the upper line on the 
plates in a closed glass Jars by ascending chromatograpy. 
To prevent disintegration of soil in contact with water, wet 
stips of filter paper (about 2.5cm wide) were wrapped around 
the bottom of the plate before the development. 
DRYING AND DETECTION OF CHROMATOGRAMS; 
The developed plates were air dried at room 
temperature, visualization of heavy metals were detected by 
spraying an aqueous solution of 0.5% of potassium 
ferrocyanide to detect Fe(green) and Cu{brick red); 0.5% 
alcoholic dimethylglyoxime for Ni(bright red); 0.5% (W/V) 
ethanolic solution of haematoxyline for Cr(bright yellow) 
and 0.1 M aqueous solution of potassium chromate for Ag 
(brick red) spot. 
MEASUREMENT OF Rf-VALUES; 
The frontal Rf-values (mobility) was measured by the 
relation: 
Rf - Va] = frontal distance moved by the metal 
Frontal distance moved by the developer 
RESULTS AND DISCUSSION 
Fig. 2 (table-II) shows the that the heavy metals 
mobility on alkaline soil (pH>8.7) is greater at lower dases 
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TABLE-II 
MOBILITY OF SOME METALS THROUGH SOILS AMENDED WITH VERYING 
Heavy 
metais 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
( 
Cone . 
0 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
LEVELS OF PHENOLIC COMPOUNDS 
[WITHOUT CHEMICAL FERTILIZERS) 
Rf-Values 
of Phenolic Compounds 
5 
0.83 
0.65 
0.70 
0.45 
0.10 
0.77 
0.67 
0.58 
0.40 
0.10 
0.75 
0.68 
0.55 
0.35 
0.12 
0.70 
0.60 
0.55 
0.30 
0.10 
10 
m-Cresol 
0.87 
0.72 
0.60 
0.42 
0.08 
Phenol 
0.80 
0.65 
0.62 
0.38 
0.10 
Resorcinol 
0.77 
0.60 
0.58 
0.28 
0.07 
Pyrogallol 
0.65 
0.62 
0.45 
0.25 
0.06 
added (mg 
15 
0.75 
0.67 
0.55 
0.40 
0.07 
0.65 
0.57 
0.47 
0.30 
0.07 
0.65 
0.55 
0.51 
0.25 
0.08 
0.55 
0.52 
0.35 
0.18 
0.05 
lOOgm"^ Soil) 
20 
0.67 
0.60 
0.53 
0.28 
0.09 
0.62 
0.48 
0.45 
0.25 
0.07 
0.55 
0.43 
0.40 
0.20 
0.07 
0.45 
0.50 
0.32 
0.14 
0.05 
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(0 to lOmg lOOgm" soil) of phenolic compounds and 
thereafter, they tend to decline in all cases. The movement 
of the metal ions follows the order Cr>Fe>Cu>Ni> Ag which 
are in the decreasing order of the size of their hydrated 
ions (table-III). This trend is most likely since as the 
metal ions in alkaline conditions exist in their hydrated 
forms which have less tendency to bind over the exchangeable 
sites of the soil surfaces due to their size increase. 
The greater movement of ions at lower addition of 
phenolic compounds can be explained on the basis of the 
following mechanism. The phenolic compounds remain less 
ionized at their lower concentrations and have a tendency to 
be adsorbed unionized on the exchangeable sites through 
H-bonding (Stephen, 1982) as. 
H 
O.M 
or 
Clay 
.0 H /°-0 
Thus, the interaction of the hydrated metal ions 
( Schnitzer and Ghosh, 1982) having the structures 
M(H20)^ - (^ J^ sre n=Valency and x=number of water molecules)' 
are inhibited over the already blocked exchangeable sites of 
the soil colloids. However, the decrease in the movement of 
the metal icais at their higher concentrations is due to the 
formation of phenoxide ions and their subsequent adsorption 
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TABLE- III 
SOME CHARACTERISTICS OF HEAVY METALS AND CHEMICAL FERTILIZERS 
Heavy metals * Hydrated ion Fertilizers **Solubility in 
ion size parameter gm lOOrnl"! 
Water at 25_C 
Chromium 
Iron 
Copper 
Nickel 
Silver 
11.10 
8.08 
6.03 
3.36 
2.30 
(NH4)2S04 
KCl 
CO(NH2)2 
(NH4)3P04 
-
70.6 
34.4 
Very soluble 
26.1 
-
* P r e i s e r and Fe rnando ( 1 9 6 6 ) , 
** VJeast, R . c . (1986) . 
4? 
either through H - bonding or Vander Waals forces over soil 
colloids resulting in the creation of more negative sites of 
the phenoxide capable of binding the +ve charged metal ions. 
The binding strength of these metal ions is expected to 
increase with the increase of the phenolic compound 
concentration in soil. The highest mobility in case of 
m-cresol is due to presence of methyl group (+1 effect) at 
the meta position in the benzene ring that has greater 
influence on the phenolic group to be less ionized and 
becomes incapable of producing more phenoxide ions in making 
the systems less absorptive. Thus,in m-cresol soil systems, 
the metal ion mobility is the highest. However, the 
possibility of formation of phenoxide ions in the phenolic 
compounds may also be governed by the number of -OH groups 
as well as their ionizing tendencies, that is indicated by 
the reverse order of their increasing pKa values (table- IV) 
being m-cresol>phenol> resorcinol> pyrogallol. Thus, the 
creation of the increasingly negative charged absorptive 
sites due to the absorption of phenolic compounds containing 
phenoxide ions follow the order, pyrogallol> resorcinol> 
phenol. Thus, the metal ions mobility have resulted in the 
reverse order of their absorptive power created by the 
number of phenoxy ions and follow the mobility order, 
m-cresol> phenol> resorcinol> pyrogallol in phenolic 
compounds amended soil systems. 
Fig. 3 (tables-V-VIH) shows the increased mobility 
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TABLE- IV 
CHARACTERISTICS OF PHENOLIC COMPOUNDS AND MOBILITY OF HEAVY 
METALS IN PHENOLIC SYSTEMS 
Phenolic Structural ^ , Maximum Rf values with 
pKa values Compounds formula p h e n o l i c s (5-lOmg lOOgm"! 
S o i l ) 
Cr Fe Cu Ni Ag 
m - Cresol 
Phenol 
Resorcinol 
Pyrogallol 
OH 
CHj 
OH 
OH 
OH 
OH 
& : 
10.08 
9.98 
9.48 
9.44 
0.87 0.72 0.70 0.45 0.10 
0.80 0.67 0.62 0.40 0.10 
0.77 0.68 0.58 0.35 0.12 
0.70 0.62 0.55 0.30 0.10 
(NH4)2S04 Kcl Co(NH2)2 {NH4)3P04 
m-Cresol 
a 
> 
Phenol 
^ A A 4__A 
Resorcinol 
Pyrogallol 
10 15 20 0 10 15 20 
Cone of Phemolic CompoundsC mg/IOOgnn Soil) 
Fig 3. Mobility of heavy metals as ef fectedl30ppm chemical 
fert i l izers through phenolic compounds amended soil. 
( C r , - ^ j Fe , - ^> - , C u , - X - , N i , - A - j Ag , -A - ; ) 
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TABLE-V 
EFFECT OF CHEMICAL FERTILIZERS (30 ppm ) CWHIE MOBILITY OF 
SOME HEAVY METALS THROUGcT SOILS AMENDED WITH VERYING 
LEVELS OF ra-CRESOL 
Heavy 
metals 
Cr 
Fe 
CM 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cone. 
- 0 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
Rf-
of m-Cresol 
5-
Values 
added ( 
10 
mg ; 
Amwonium Sulphate 
0.89 
0.75 
0.79 
0.50 
0.10 
0.85 
0.80 
0.75 
0.40 
0.10 
Potassium chlor 
0.87 
0.80 
0.75 
0.45 
0.10 
0.85 
0.72 
0.75 
0.45 
0.10 
Ammonium 
0.80 
0.75 
0.72 
0.43 
0.08 
0.87 
0.80 
0.70 
0.50 
0.10 
(rea 
0.85 
0.80 
0.75 
0.50 
0.10 
phosphi 
0.82 
0.80 
0.74 
0.47 
0.12 
ide 
ate 
LOO gm •*• 
15 
0.75 
0.80 
0.60 
0.35 
0.10 
0.75 
0.60 
0.55 
0.45 
0.12 
0.75 
0.70 
0.60 
0.40 
0.14 
0.78 
0.70 
0.55 
0.34 
0.05 
Soil) 
20 
0.65 
0.60 
0.55 
0.30 
0.11 
0.65 
0.50 
0.35 
0.40 
0.10 
0.55 
0.60 
0.45 
0.20 
0.10 
0.65 
0.50 
0.35 
0.25 
0.07 
-
5) 
TABLE-VI 
EFFECT OF CHEMICAL FERTILISERS (30 ppm) ON THE MOBILITY OF 
SOME HEAVY METALS THROUGH SOILS AMENDED WITH VERYING 
LEVELS OF PHENOL 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag' 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cone of 
0 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
phenol 
5 
Rf-Values 
added (mg 100 
10 
Ammonium Sulphate 
0.85 
0.73 
0.65 
0.40 
0.10 
0.87 
0.80 
0.65 
0.40 
0.10 
Potassium chloride 
0.83 
0.75 
0.63 
0.38 
0.10 
0.82 
0.74 
0.63 
0.40 
0.10 
Ammon 
0.80 
0.72 
0.60 
0.40 
0.11 
0.85 
0.80 
0.60 
0.42 
0.10 
Urea 
0.75 
0.71 
0.64 
0.45 
0.10 
ium phosphate 
0.80 
0.72 
0.60 
0.43 
0.10 
gm~l Soil) 
15 
0.75 
0.70 
0.45 
.035 
0.08 
0.65 
0.70 
0.55 
0.30 
0.10 
0.65 
0.60 
0.54 
0.40 
0.08 
0.65 
0.60 
0.45 
0.34 
0.08 
20 
0.45 
0.55 
0.35 
0,30 
0.10 
0.55 
0.50 
0.45 
0.24 
0.10 
0.45 
0.50 
0.40 
0.20 
0.09 
0.43 
0.45 
0.40 
0.28 
0.08 
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TABLE-VII 
EFFECT OF CHEMICAL FERTILIZERS (30 ppm) ON THE MOBILITY OF 
SOME HEAVY METALS THROUGH SOILS AMENDED VgTH VEKiflNG LEVKLS 
OF RESORCINOL 
Rf-Values 
Heavy 
metals 
Or 
Fe 
Cu 
Ni 
Ag 
Or 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cone of 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
Resorcinol 
Ammonium 
0.88 
0.75 
0.60 
0.40 
0.08 
added (mg 
Sulphate 
0.85 
0.80 
0.70 
0.49 
0.10 
Potassium Chloride 
0.85 
0.74 
0.58 
0.37 
0.10 
Urea 
0.83 
0.70 
0.60 
0.40 
0.10 
Ammonium 
0.79 
0.70 
0.60 
0.37 
0.10 
0.80 
0.75 
0.67 
0.40 
0.08 
0.80 
0.73 
0.62 
0.42 
0.13 
phosphate 
0.81 
0.65 
0.60 
0.37 
0.11 
lOOgm-1 
0.75 
0.65 
0.60 
0.35 
0.10 
0.70 
0.65 
0.58 
0.40 
0.10 
0.65 
0.55 
0.50 
0.35 
0.12 
0.60 
0.55 
0.45 
0.27 
0.08 
Soil) 
0.55 
0.45 
0.45 
0.35 
0.11 
0.57 
0.60 
0.53 
0.37 
0.12 
0.50 
0.30 
0.35 
0.25 
0.10 
0.45 
0.30 
0.35 
0.20 
0.07 
5 2 
T A B L E - V I I I 
EFFECT OF CHEMICAL FERTILIZERS OOppmi ON TSm MDeiLTK CS" SOME 
HEAVY 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
METALS THROUGH SOILS 
Cone. 
0 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
AMENDED 
PYROGALLOL 
Rf-
of Pyrogall 
5 
-Values 
ol 
Ammonium 
0.80 
0.75 
0.60 
0.35 
0.12 
Potassii 
0.80 
0.65 
0.59 
0.30 
0.12 
Urea 
0.72 
0.67 
0.59 
0.30 
0.10 
am 
Ammonium 
0.75 
0.63 
0.60 
0.32 
0.12 
added 
10 
Sulpha 
0.85 
0.80 
0.69 
0.30 
0.13 
WITH VERYING 
(mg 
te 
Chloride 
0.81 
0.73 
0.65 
0.37 
0.12 
0.80 
0.70 
0.65 
0.35 
0.12 
PhoSjjhate 
0.75 
0.65 
0.55 
0.30 
0.07 
lOOgm-1 
15 
0.65 
0.70 
0.60 
0.20 
0.09 
0.75 
0.60 
0.55 
0.30 
0.08 
0.67 
0.63 
0.55 
0.25 
0.07 
0.65 
0.55 
0.45 
0.20 
0.07 
LEVELS OF 
Soil) 
20 
0.60 
0.55 
0.50 
0.20 
0.10 
0.60 
0.58 
0.45 
0.23 
0.07 
0.60 
0.64 
0.45 
0.20 
0.09 
0.55 
0.35 
0.41 
0.10 
0.08 
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of the heavy metals by aqueous solution of 30ppm of chemical 
fertilizers such as {NH^}2S0^, KCl, CO(NH2)2 and (NH^)^?©^ 
used as a mobile phase (developer) in soil amended with 
phenolic compounds. It has been observed that the added 
fertilizers cause greater mobilization of the metal ions 
through soil in most cases. These results can be explained 
on the basis of various chemical fertilizers in aqueous 
solution may be either dissolved or decomposed as, 
i) KCl -^  K^ + Cl~ 
ii) NH2C0NH^ + 2H2O » 2NHJ + OH" + CO^ 
iii) Um^)2S0i^ > 2NH^ + S0^^~ 
iv) (NH4)3PO^ > 3NHJ + PO^^" 
The K and NH4 ions thus produced have greater 
binding tendencies over the exchangeable sites of the soil 
colloids as compared to the phenolic compounds at their 
lower doses and are capable of blocking the exchangeable 
sites. Thus, this cause a reduced chance of negative sites 
increase due to the presence of phenoxide in the soil 
systems resulting in making the soil system less adsorptive 
with providing favourable condition for the greater movement 
of trace metal ions. However, with the increasing doses of 
phenolic compounds the capacity for replacing K or NH^ ions 
and capability for their subsequent adsorption have played a 
dominant role in making the system more adsorptive due to 
the introduction of phenoxide ions capable of binding the 
metal ions and thus become less mobile. It has been 
51 
observed that the enhancement in mobility of the metal ions 
due to the chemical fertilizers follow the order (NH.)- S0.> 
KC1>C0{NH2}2 >(NH-)^PO, which is in accordance with their 
combined effect of dissociation constant and solubility 
(table.II) in water. 
55 
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C H A P T E R-II 
EFFECT OF SOME PHENOLIC COMPOUNDS AND PESTICIDES ON THE GROWTH 
AND NUTRIENT CONCNTRATION OF GRAM (Clcer arletinum)^ LENTIL 
(Lens esculenta) AND LINSEED (Llnum usltatlssimum) PLANTS 
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EFFECT OF SOME PHENOLIC COMPOUNDS AND PESTICIDES ON THE 
GROWTH AND NUTRIENT CONCENTRATION OF GRAM (Cicer arletlnum). 
LENTIL (Lens esculenta) AND LINSEED (Linum usitatisslmum) 
PLANTS 
INTRODUCTION 
A perticular concern has been generated over the 
possibility of some phytotoxic behavior of certain organic 
compounds either produced as degradation product or used as 
pesticides in soils. The presence of such compounds are 
found to affect the plant growth (Kusano and Ogata, 1974; 
Singhal and Singh 1974). The phenolic compounds exhibit 
some toxicity with respect to plants in different ways. At 
their lower concentrations, they inhibit the phosphorylation 
and break the chain of reactions forming the phosphate 
adenasine di-and tri-phosphate rich in energy. While at 
higher concentrations in plants, they inhibit respiration and 
precipitate proteins. However, the selectivity of phenols 
and their related compounds is due to the physiological and 
biochemical features of plants (Gruzdyev, 1983). The use of 
pesticides is also reported to cause a significant change in 
soil nutrients and plant growth (Martin, 1972; Cole, et. al. 
1968) and affect the biological activity through variations 
in microbial populations. In view of the phytotoxic role 
played by toxic organic chemicals, it was considered worth 
while to investigated the effect, of certain phenolic 
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compouds such as m-cresol, phenol, resorcinol and pyrogallol 
on Gram (Cicer arietinum) ; and of pesticides such as 
monocrotophos, dichlorvos and endosulfan over Lentil (Lens 
esculenta) and Linseed (Linum usitatissimum) plants so as to 
asses their behavior in regards to the optimum tolerance 
limit for the healthy growth and nutrient concentration of 
certain pulses and oil seed plants for maximising their 
production and to avoid the risk of poM^U^^l pr!98»^ ms 
caused by these compounds. 
EXPERIMENTAL 
The soil sample (0-30cm) of Aerie Halaquept (Hirapur 
fine sandy loam) was collected from the representative area 
of Aligarh district ( U.P.) and used in these investigation-
The physico-chemical propairties of the soil is given in 
chapter I of the thesis. For pot experiments, One kg soil 
was mixed with verying quantities of phenolic compounds and 
pesticides and taken in the earthen ware pots coated with 
coal tar to avoid the absorption of nutrients. Five levels 
of phenolic compounds such as m-cresol (Ma)^ phenol (Ph), 
resorcinol (Re) and pyrogallol (Py) containing with 
O(control), 0.25, 0.50, 0.75 and 1.00 mg kg" soil and six 
levels of pesticides such as monocrotophos (Mo) dichlorvos 
(Di) and endosulfan (En) containing with 0(control), 5.0, 
10.0, 15.0, 20.0, and 25.0 mg kg soil were thoroughly 
mixed and taken in each pot in 3 replications. The pots 
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were stored in a glass house maintained at 25 i, 3 C by 
taking care to regulate the moisture content of the soil to 
about 60% of its water holding capacity by adding distilled 
water whenever necessary. Out of the certified seeds of 
Gram (T-27), Lentil (T-44) and Linseed (T-397) procured from 
the Agricultural farm of Aligarh district. Five seed were 
sown in each pot containing amended soils and ultimatly they 
were thinned to one plant per pot and allowed to grow for a 
period of 90 days before they were photographed and taken for 
analysis by using the method of Tondan, (1993). 
One gm of the air dried and grounded plant sample was 
digested with 10ml of acid mixture containing l£K)3 : HCIO 
(4:1). The digestion mixture was heated on a hot plate till 
brown fume ceases and converted to a syrupy liquid along with 
some white fumes. It was dissolved in 5ml HCl (Cone.) then 
diluted with distilled water and filtered and adjusted to a 
volume of 50ml in each case. The solutions obtained were 
used for the estimation of plant nutrients. The Na, K, was 
estimated by using "Systronicks" flame photometer. The 
amount of Na and K was calculated by using the standard 
curves (Fig. 1) given in chapter I. The amount of Ca plus 
Mg were estimated by versenate (EDTA) titration using buffer 
solution (pH-10) and eriochrome black-T indicator. While, 
the amount of Ca was estimated by EDTA titration by using 
mureoxide indicator by using method of Jackson, (1958). The 
amount of Mg was then calculated by subtracting the volume 
0.32 
0.24 
= 0.0 6 
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< 
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of EDTA used for Ca from the volume of Ca plus Mg. The 
amount of P were estimated by spectrophotometric procedure 
at 470 nm by using the method of Chopra, (1979) in which 
Vanadomolybdate solution was used as colouring agent. The 
amount of P was calculated from the standard curve prepared 
using KH2PO, (Fig. 1) as standard solution for P. The 
amount of Cu was estimated by G.B.C. 902 double beam atomic 
absorption spectophotometer. 
The effect of phenolic compounds on the growth and 
developement of Gram (Fig. 2-5) is recorded in table I and 
their nutrients concentration is given in table II. The 
effect of pesticides on the growth and developement of 
Lentil (Fig. 6 and 7) and Linseed (Fig. 8 and 9) plants are 
given in table III and IV and their nutrient concentrations 
are recorded in table V and VI. 
RESULT AND DISCUSSION 
The effect of phenolic compounds on the growth and 
-nutrient content of Gram plant shows (table 1&2) a beneficial 
effect at their lower doses up to 0.25mg Kg soil in 
regards to the growth of shoot height, root lengthy shoot 
weight and number of leaves for Gram plant grown in soils 
amended with m-cresol, phenol, resorcinol and pyragallol. 
While the germination is retarted throughout the entire 
range of their amendments with respect to control. The 
beneficial effect up to this level may be considered as 
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TABLE-I 
EFFECT OF PHENOLIC COMPOUNDS ON THE GROWTH AND DEVELOPEMENT OF GRAM 
( Cicer arietinum ) PLANTS 
Observations 
Doses (mg Kg Soil) 
0.0 0.25 0.50 0.75 1.00 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
2 9 . 0 
14 .0 
1 1 . 0 
31 .0 
92 .0 
m - C r e s o l 
3 7 . 0 
1 7 . 0 
1 4 . 0 
4 1 . 0 
8 1 . 0 
35 .0 
17 .0 
13 .0 
38 .0 
74 .0 
28 .0 
15 .0 
10 .0 
29 .0 
69 .0 
2 0 . 0 
1 2 . 0 
8 . 0 
22 .0 
6 6 . 0 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
2 9 . 0 
1 4 . 0 
1 1 . 0 
31 .0 
9 2 . 0 
P h e n o l 
3 8 . 0 
1 7 . 0 
1 3 . 0 
3 8 . 0 
8 6 . 0 
3 6 . 0 
2 0 . 0 
1 6 . 0 
4 0 . 0 
79 .0 
31 .0 
15 .0 
1 2 . 0 
3 0 . 0 
74 .0 
23 .0 
1 4 . 0 
9 . 0 
2 0 . 0 
7 1 . 0 
Contd. 
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Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Resorcinol 
29.0 
14.0 
11.0 
31.0 
92.0 
43,0 
20.0 
15.0 
40.0 
85.0 
38.0 
18.0 
13.0 
36.0 
80.0 
32.0 
15.0 
11.0 
28.0 
75.0 
18.0 
13.0 
10.0 
17.0 
68.0 
Pyraqallol 
29.0 
14.0 
11.0 
31.0 
92.0 
45.0 
19.0 
17.0 
44.0 
90.0 
35.0 
20.0 
14.0 
35.0 
89.0 
30.0 
18.0 
12.0 
30.0 
85.0 
20.0 
12.0 
11.0 
20.0 
81.0 
6^ 
TABLE-II 
EFFECT OF PHENOLIC COMPOUNDS ON THE NUTRIENT CONCETRATION OF 
Treatments 
Ma^ 
Ma2 
Ma3 
Ma^ 
Mag 
Ph^ 
Ph2 
Ph3 
Ph4 
Ph3 
Re^ 
Re2 
Re, 
Re^ 
Re^ 
PYl 
py2 
PY3 
py4 
pyg 
Na 
0.47 
0.52 
0.50 
0.47 
0.41 
0.47 
0.80 
0.82 
0.70 
0.50 
0.47 
0.77 
0.95 
0.72 
0.70 
0.47 
0.52 
1.00 
0.85 
0.55 
GRAM (Cicer arietinum) PLANTS 
Nutrient concentration 
K 
m 
1.22 
1.30 
1.15 
1.12 
1.10 
% 
Ca 
-cresol 
Phenol 
1.22 
1.25 
1.62 
1.15 
0.90 
1.00 
1.10 
0.90 
0.60 
0.60 
1.00 
1.20 
1.00 
0.80 
0.80 
Resorcinol 
1.21 
1.60 
1.70 
1.56 
1.55 
Pyra 
1.22 
1.07 
1.50 
0.95 
0.92 
gallo 
1.00 
0.80 
0.80 
0.60 
0.60 
1 
1.00 
0.90 
1.00 
0.70 
0.60 
Mg 
0.90 
0.72 
1.62 
2.14 
2.14 
0.90 
1.20 
2.88 
1.08 
1.20 
0.89 
1.70 
1.44 
1.26 
0.90 
0.88 
2.10 
0.96 
0.78 
0.72 
ppm 
P 
50 
100 
150 
100 
50 
50 
100 
150 
50 
50 
50 
150 
150 
100 
100 
50 
150 
100 
100 
100 
Cu 
10 
15 
15 
10 
5 
10 
15 
15 
10 
5 
10 
15 
20 
10 
10 
10 
20 
20 
5 
5 
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tolerance limit for the plant beyond which they become toxic 
The toxicity order being m-cresol> phenol> resorcinol> 
pyragallol as evident from the growth and development data 
of Gram plant. At the lower level the phenolic compounds 
might get adsorbed in their molecular form without their 
ionization through H-bonding (Stephen, 1982). Thus, their 
toxic effect is minimum. However, at higher levels, they are 
expected remain in their ionized form containing greater no. 
of -vely charged phenoxide ions that are inhibited for their 
adsorption over the -vely charged exchangeable sites of the 
soil colloids. Thus, their presence in free state might 
have created problems in the adsorption plant nutrients as 
indicated by their phytotoxic behavior on plant growth (Fig. 
2-5). The retardation in plant growth and developement can 
also be attributed by the absorption of plant nutrients over 
the adsorbed molecules of the phenolic compounds containing 
some phenoxide ions at the higher levels of their 
amendments. The plant growth and developement pattern as 
indicated by experimental findings may also be the possible 
active role played by the soil microbes through their 
involvement in biodegradation of SOM. in releasing the plant 
nutrients at their lower non-toxic level beyond which making 
them inactive at higher concentrations. The inhibitory 
trend on seed germination by phenolic compounds is in the 
order of the privious work reported by Kaminsky (1980). It 
has also been reported that phenol acts as a contect 
herbicides and adversely affect the normal functioning of 
the plant growth and respiration. 
TnCRESOL 
1 
Fig. 2. Effect of phenolic compounds on the growth and 
developement of Gram (Cicer arietinum) Shoots. 
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3 Effect of phenolic compounds on the growth and 
developement of Gram (Cicer arietinum) Shoots. 
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For the effect of insecticides namely, 
O 
(CHjOJ-P-O H CH3O. O 
CH3 fjWHCHj ^ CH3O 
o 
a) Monocrotophos b) Dichlorvos c) Endosulfan 
On the growth and nutrient concentration of Lentil 
and Linseed plants, it is evident from the result (Fig. 6-9) 
vide table III-VI that the phytotoxicity follow the order 
endosulfan > dichlorvos > monocrotophos which is likely to 
be governed by the number of active Cl atoms in the 
molecules. The increase in growth and nutrient 
concentration at lower doses (5 mg kg soil) may be 
attributed to their non toxic tolerancee limit. At higher 
levels > 5 mg kg soil an inhibitory trend in regards to 
the growth and nutrient utilization is noticed. The 
retardation in the healthy growth and nutrients 
concentration of Lentil and Linseed plants could be 
attributed due to the effect of pesticides on soil microbial 
status (Khan, etal. 1987; Singhal at al. 1976; Singhal et 
al. 1976; Singhal et al. 1975) which in turn influence plant 
growth through changes in population of Azotobacter, 
Rhizobium Cellulolytic microorganisms and phosphates 
solubilizing microorganisms and phosphate dissolving 
microorganisms which determine soil fertility (Kanwar . and 
Grewal, 1990). It might also be regarded due to the 
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TABLE-III 
EFFECT OF PESTICIDES ON THE GROWTH AND DEVELOPEMENT OF LENTIL 
(Lens esculenta) PLANTS 
Observations Doses (mg Kg-1 Soil) 
0.0 5.0 10.0 15.0 20.0 25.0 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Monocrotophos 
22.0 30.0 27.0 25.0 20.0 16.0 
13.0 16.0 14.0 12.0 11.0 11.0 
3.5 4.0 3.8 3.1 3.0 2.9 
95.0 160.0 130.0 99.0 85.0 60.0 
90.0 85.0 77.0 70.0 68.0 62.0 
Dichlorvos 
22.0 
13.5 
3.5 
95.0 
90.0 
Endo 
22.0 
13.5 
3.5 
95.0 
90.0 
32.0 
15.0 
4.5 
195.0 
85.0 
sulfan 
29.0 
15.0 
3.8 
140.0 
82.0 
28.0 
14.0 
3.8 
130.0 
77.0 
25.0 
15.0 
3.6 
110.0 
70.0 
22.0 
11.0 
3.0 
90.0 
65.0 
22.0 
12.0 
3.1 
82.0 
59.0 
23.0 
10.0 
2.5 
85.0 
60.0 
20.0 
11.0 
2.5 
80.0 
56.0 
15.0 
10.0 
2.4 
59.0 
60.0 
15.0 
9.0 
2.5 
60.0 
55.0 
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TABLE-IV 
EFFECT OF PESTICIDES ON THE GROWTH AND DEVELOPEMENT OF LINSEED 
(Linum usitatissimiim) PLANTS 
Doses (mg Kg~-'-Soil) 
Observations 
0.0 5.0 10.0 15.0 20.0 25.0 
Shoot height (cm) 30.0 
Root length (cm) 11.0 
Shoot weight (gm/plant) 6.0 
No. of leaves/plant 250.0 
Germination (%) 96.0 
Shoot height (cm) 30.0 
Root length (cm) 11.0 
Shoot weight (gm/plant) 6.0 
No. of leaves/plant 250.0 
Germination (%) 96.0 
Shoot height (cm) 30.0 
Root length (cm) 11.0 
Shoot weight (gm/plant) 6.0 
No. of leaves/plant 250.0 
Germination (%) 96.0 
Monocrotophos 
40.0 32.0 29.0 
16.0 14.0 12.0 
8.0 7 .0 5 .5 
25 .0 2 2 . 0 
11 .0 7 .0 
4 .0 3 .5 
3 6 0 . 0 3 4 0 . 0 2 7 0 . 0 250 .0 150 .0 
9 0 . 0 8 3 . 0 7 5 . 0 70 .0 65 .0 
Dichlorvos 
38.0 
15.0 
7.0 
340.0 
91.0 
Endo 
35.0 
14.0 
6.0 
300.0 
99.0 
32.0 
15.0 
7.0 
320.0 
85.0 
sulfan 
32.0 
12.0 
7.0 
270.0 
85.0 
28.0 
11.0 
4.0 
250.0 
72.0 
28.0 
12.0 
4.0 
270.0 
75.0 
25.0 
11.0 
4.0 
225.0 
71.0 
24.0 
11.0 
3.0 
225.0 
72.0 
22.0 
6.0 
3.5 
120.0 
68.0 
20.0 
9.0 
3.0 
170.0 
65.0 
- . 6 ' 
TABLE-V 
EFFECT OF PESTICIDES ON THE NUTRIENT CONCENTRATION OF LENTIL 
( L e n s e s c u l e n t a ) PLANTS 
Treatments 
Mo-j^ 
M02 
Mo 3 
4 
Mo 5 
Mo^ 
b 
Di 
Di2 
^^3 
Di4 
^^5 
^H 
En-| 
En2 
En3 
En^ 
En5 
Eng 
Na 
1.70 
1.70 
1.72 
1.85 
1.75 
1.50 
1.70 
1.72 
1.55 
1.10 
1.05 
0.80 
1.70 
1.80 
1.70 
1.70 
1.65 
1.40 
Nutrients concentration 
% 
K Ca 
Monocrotophos 
0.85 
1.30 
1.80 
0.97 
0.95 
0.85 
2.60 
3.70 
2.50 
1.60 
1.10 
0.70 
Dichlorvos 
0.85 
0.97 
1.00 
0.92 
0.95 
0.75 
Endosulf 
0.85 
1.20 
1.10 
1.06 
1.05 
0.97 . 
2.60 
0.90 
1.90 
1.20 
1.20 
1.00 
an 
2.60 
1-30 
1.60 
2.80 
2.00 
1.60 
Mq 
2.64 
2.22 
2.52 
2.52 
1.92 
1.50 
2.40 
4.50 
2.52 
2.12 
1.44 
0.90 
2.44 
2.82 
1.92 
1.20 
1.44 
1.44 
ppm 
P 
40 
50 
45 
45 
40 
30 
45 
75 
50 
50 
35 
35 
50 
60 
40 
35 
30 
25 
Cu 
15 
20 
15 
15 
10 
10 
15 
25 
40 
20 
15 
10 
10 
15 
15 
15 
10 
10 
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TABLE-VI 
EFFECT OF PESTICIDES ON THE NUTRIENT CONCENTRATION OF LINSEED 
(Linum usitatissimum) PLANTS 
Treatments 
MOj^ 
M02 
M03 
M04 
M05 
MOg 
Dii 
Di2 
Di3 
^^4 
Di5 
""h 
En, 
En2 
En3 
En^ 
En 5 
Eng 
Na 
1.50 
1.70 
1.80 
1.72 
1.65 
1.60 
1.50 
1.85 
1.85 
1.70 
1.62 
1.51 
1.50 
1.72 
1.85 
1.55 
1.40 
1.40 
Nutrient concentration 
% 
K Ca 
Monocrotophos 
1.05 
1.15 
1.40 
0.95 
0.90 
0.85 
Dichl( 
1.05 
1.30 
1.35 
1.15 
1.00 
0.90 
1.30 
1.60 
1.70 
1.10 
1.00 
0.70 
orvos 
1.30 
1.70 
1.20 
0.90 
0.90 
0.80 
Endosulfan 
1.05 
1.24 
1.10 
1.10 
1.05 
1.00 
1.30 
2.40 
1.70 
2.00 
1.40 
1.50 
Mg 
1.98 
2.16 
1.08 
1.96 
1.16 
1.10 
2.00 
2.22 
2.28 
1.98 
1.90 
1.20 
2.00 
2.54 
2.60 
2.10 
1.80 
1.00 
ppm 
P 
45 
55 
80 
55 
35 
35 
45 
50 
50 
35 
25 
20 
45 
45 
50 
40 
35 
20 
Cu 
10 
10 
15 
15 
10 
5 
10 
15 
15 
10 
10 
5 
10 
20 
15 
10 
10 
5 
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changing in the number of nodules and latteral roots on 
roots of nodulates legumes and effect of mycorrhizal 
simbiosjs in plants and also changes in the quantitative 
species of several microorganisms in soil which disturb the 
microbial equilibrium and altrations in nitrogen balance in 
soil by changes in the growth and activity of nitrifying 
bacteria namely Nitrosomonas and Nitrobacter with the 
interference of the ammonification in soil. However, more 
work is needed to ex^jlain these points. 
70 
REFERENCES 
1) Chopra, S.L. (1979). Final Report of the PL-480 
Project (A7-PSR-5). "Studies in the Leaching and 
Adsorption of pesticides in Soils and the effect of 
their Residues on plants" page. 102. 
2) Cole, H; Machenzie, D; Smith, C.B. and Bergman, E.L. 
(1968). Bull. Environ. Contam. Toxicol.^ 116. 
3) Gruzdyev G.S. (1983). The Chemical Protection of 
Plants. Mir Publishers Moscow. 
4) Jackson, M.L. (1958). Soil Chemical Analysis, 
Englewood cliff. Prentice Hall. N.J. 
5) Kaminsky, Ray. (1980). Soil Sci. 130^ : 118. 
6) Kanwar, J.S. and Grewal, J.S. (1990). Phosphorus 
fixation in Indian Soils (I.C.A.R. Publication New 
Delhi). 
7) Khan, S.U.; Khan, N.N. and Khan, Faizan Ahmad (1987). 
Environmental Pollution 4_: 115. 
8) Kusano, S. and Ogata, K. (1974). Nippon Dojohiryogaku 
Zasshi, j4^ 29. 
9) Martin, J.P. (1972). Side effects of organic chemicals 
on soil properties and plant growth. In; Organic 
Chemicals in the soil environment ed. by C.A.I. Goring 
and J.W. Hamaker New York, Marcel Dekker. 
10) Singhal, J.P., Khan, S.U. and Bansal, O.P. (1976). J. 
Indian Chem. Soc, 53_ ; 189. 
11) Singhal, J.P., Khan, S.U. and Bansal, O.P. (1976). J. 
Indian Chem. Soc, ^ : 313 
12) Singhal, J.P., Khan, S.U. and Gupta, G.K.(1975). J. 
Indian Chem. Soc. ^ : 193. 
13) Singhal, J.P. and Singh, C.P. (1974). Soil Sci., and 
plant Nutrition, 20;413. 
14) Stephen, A. Boyd (1982). Soil Sci. 134;337 
15) Tandon, H.L.S. (1993). Methods of Analysis of Soils, 
Plants, Waters and Fertilizers. (FDCO New Delhi). 
